Abstract. We report the results of an XMM-Newton observation of the Lagoon Nebula (M 8). Our EPIC images of this region reveal a cluster of point sources, most of which have optical counterparts inside the very young open cluster NGC 6530. The bulk of these X-ray sources are probably associated with low and intermediate mass pre-main sequence stars.-One of the sources experiences a flare-like increase of its X-ray flux making it the second brightest source in M 8 after the 04 star 9 Sgr. The X-ray spectra of most of the brightest sources can be fitted with thermal plasma models with temperatures of kT _ a few keV. Only a few of the X-ray selected PMS candidates are known to display Ha emission and were previously classified as classical T Tauri stars. This suggests that most of the X-ray emitting PMS stars in NGC 6530 are weak line T Tauri stars. In addition to 9 Sgr, our EPIC field of view contains also a few early-type stars. The X-ray emission from HD 164816 is found to be typical for an 09.5 III-IV star. At least one of the known Herbig Be stars in NGC 6530 (LkHt_ 115) exhibits a relatively strong X-ray emission, while most of the main sequence stars of spectral type B 1 and later are not detected. We also detect (probably) diffuse X-ray emission from the Hourglass Region that might reveal a hot bubble blown by the stellar wind of Herschel 36, the ionizing star of the Hourglass Region.
Introduction
The Lagoon Nebula (M 8 = NGC 6523) is one of the closest and brightest H I1 regions in the Galaxy. The nebula is ionized by the O4V star 9Sgr and the binary system HD 165052 (06.5 V + 06.5 V). M 8 harbors also the very young open cluster NGC 6530 as well as a compact H 1I region, the so-called Hourglass Region (hereafter HG), which is ionized by the 07 V star Herschel 36. NGC 6530 is believed to be at the origin of a sequential star formation process inside the Lagoon Nebula (Lightfoot et al. 1984) . NGC 6530 most probably formed from a pre-existing massive molecular cloud. The ionizing radiation of the newly formed hot stars in the cluster then created a cavity allowing us to see inside the parent molecular cloud. Fig. 1 . Combined EPIC-MOS l, -MOS2 and -pn image of the field of view around 9 Sgr. To avoid contamination by the hard straylight photons from GX 9 +1, we restricted the image extraction to events in the soft energy band 0.5 -1.2 keV only. The bright source in the center is 9 Sgr. Note that the roughly vertical trail above 9 Sgr is due to events from 9 Sgr that arrived during the readout of the pn detector.
foreground cloud obscuring H 36.
In the present paper, we discuss an XMM-Newton observation of M 8, that reveals a number of point sources towards the open cluster NGC 6530. In Sects. 2 and 3.1, we investigate the light curves and spectra of the brightest sources and we discuss their possible association with PMS stars in NGC 6530. In Section 4, we discuss also the soft X-ray emission from the HG nebula. Finally, our conclusions are highlighted in Section 5.
X-ray sources inside the Lagoon Nebula
The Lagoon Nebula was observed serendipitously for about 20ksec with the XMM-Newton observatory (Jansen et al. 2001 ) during our AO1 observation of the O4V star 9 Sgr (JD 2451976.978 -2451977.239 ).
The two EPIC-MOS instruments were operated in the full frame mode (Turner et al. 2001) whilst the EPIC-pn camera was used in the extended full frame mode (Strtider et al.200t) . All three EPIC instruments used the thick filter to reject optical light. We used version 5.1 of the
XMM-Newton
Science Analysis System (SAS) to reduce the raw EPIC data. More details on the pipeline processing of the data are given in the paper dealing with the 9 Sgr data (Rauw et al. 2002) .
The combined EPIC soft band (0.5 -1.2keV) X-ray image around 9 Sgr reveals a number of point-like (and maybe also diffuse) sources (see Fig. 1 ). Figure2 displays the EPIC contours of the X-ray sources superimposed on a Digital Sky Survey image of M 8. This image indicates that most of the fainter sources are located in the region of the very young open cluster NGC6530.
One rather bright and apparently diffuse source (to the south-west of 9 Sgr) is associated with the Hourglass Region.
Because of the contamination of the EPIC data by hard straylight photons from the nearby LMXB GX 9 + 1, the source detection was performed on the soft band images (i.e. where there is no contamination) only. For details on the properties of the straylight, we refer again to the work of Rauw et al. (2002) . source manually to reject spurious detections due e.g. to hot pixels. This resulted in a total of 220 confirmed detections. Out of these 220 sources, 117 have a combined likelihood > 20.0 and are detected in the individual images from all three EPIC instruments with -lnpi > 3.0. To this list we add two sources that are not detected in at least one of the instruments because they fall outside its field of view, but are clearly detected in the remaining instruments. This gives us a total of 119 highly significant detections.
In the following, we will restrict our discussion to these latter objects. The faintest sources in this category have about 10 -3 cts s -1 over the 0.5 -1.2 keV band of the MOS instruments. Assuming a I keV thermal spectrum with a neutral hydrogen column density of 0.17 1022 cm -2 (see also Sect. 3.1 below), the faintest sources correspond to an observed flux of about 8.9 10-15ergcm -2 s -1 and an unabsorbed flux of 13.1 10 -15 ergcm -2 s -1 in the 0.5 -5.0keV energy range. Note that the corresponding observed flux in the 0.5 -1.2 keV soft band would be 5.2 10 -15 ergcm -2 s -1.
We have cross-correlated the positions of the 119 sources with the results of the UBVR1 and Ha photometry of NGC 6530 presented by Sung et al. (2000) . We searched the Sung et al.
catalogue and the SIMBAD database for stars within a radius of 12" (corresponding roughly to twice the FWHM of the onaxis point spread function (PSF) of the XMM mirror modules at 1.5 keV; Jansen et al. 2001 ) from the coordinates of the X-ray sources"
• the brightest X-ray source is associated with the 04 V((f+)) star 9 Sgr. The data of this star have been analysed elsewhere (Rauw et al. 2002 ) and we will not repeat this discussion here.
• a probably diffuse X-ray source is associated with the Hourglass Region. We shall return to the HG in Sect. 4.
• 63 X-ray sources have a single optical counterpart within a radius of less than 12". The average angular separation between the X-ray source and the optical counterpart is (4.1 4-2.4)". The brightest soft X-ray sources in this category are HD 164816 (09.5 III-IV) and SCB 731. The latter is a very red 16tb magnitude star without outstanding features (such as Hc_ emission) in its optical photometry. The X-ray source associated with SCB 731 appears elongated since it lies rather far off-axis.
• 30 X-ray sources have two or more optical stars falling within the 12" radius. Thirteen of these sources have at least one known Ha emission star inside their 'error box'.
• 24 sources do not seem to have a known optical counterpart in the NGC 6530 cluster.
The sources of the last three categories are listed in Tables 1, 2 
1. Light curves
For all the light curves we adopted time bins of 400s. The light curves were tested for variability using a KolmogorovSmirnov test against a model of constant count rate. Among the sources with a single optical counterpart, SCB731, the second brightest X-ray source, is clearly variable: the light curve (extracted over an elliptical region adapted to the shape of the PSF) reveals a strong X-ray flare towards the end of our observation (Fig. 3) . The X-ray flux suddenly rises by nearly two orders of magnitude and after about 5000s starts to decline again.
SCB 182 and SCB 290 show some marginal variability in their light curves. The behaviour is the same in all three EPIC instruments, but the variability occurs at a rather low level so that it is found not to be significant by the KolmogorovSmirnov test (at the P > 95% confidence level).
None of the other relatively bright sources turned out to display significant variability (95% level) over the duration of our observation.
We reduced also a ROSAT-PSPC observation of M8
(rp900374n00, integration time 10.4ksec, JD2449078.532-2449079.569) using the XSELECT software. In this exposure, SCB 253 appears as the third brightest source (after 9 Sgr and HD 164816) with a net count rate of (6.9 --I-1.0) 10-3ctss -1 over the entire energy range of the PSPC instrument. Therefore it seems likely that SCB 253 experienced a flare at the time of the ROSAT observation.
Other sources that are detected in this PSPC image are the Hourglass Region, SCB 7, 47, 182, 274, 340, 452/454, 470, XMMUJI80323.8-241556, 180407.4-242226, 180253.3-241955, 180356.4-242340, 180339.1-243302 as well as a source which is not seen with XMM at RA = 18:04:03.2, DEC = -24:31:08.5 (equinox 2000.0).
Spectra
For the spectra, we adopted the redistribution matrices provided by the EPIC instrument teams (versions available in May 2001) and we used the SAS to build the appropriate ancillary response files for each EPIC instrument. The spectra were binned to reach a minimum of 10 counts per channel and the background corrected spectra were analyzed using the XSPEC software (version 11.00). Because of the strong noise in the pn detector below 0.2keV and the uncertain calibration of the EPIC instruments at low energies, we ignored the binned energy channels below 0.2 keV for the XSPEC fits. Note that for the X-ray sources associated with HD 164816 and SCB 731,
we have a total of respectively 300 and 800 net counts for each MOS spectrum. The pn spectra contain about twice as much 7.3 4-1.1 6.9 4-1.1 N 180441.9-242248 2.0 4-0.7 1.9 4-0.7 180441.9-242128 3.8 4-0.9 1.7 4-0.7 " XMMUJIS0252.9-241525 lies outside the field of view of the MOS instruments, but is detected as a rather bright source with (1.14 4-0.23) 10 -2 ctss -I in the pn image.
counts.
We fitted the spectra using either an absorbed onetemperature mekal thermal plasma model (Mewe et al. 1985 , Kaastra 1992 or an absorbed power law model. The best fitting model parameters are listed in Table 4 below. In several cases, the fits with a power law with a rather large photon index F are slightly better than those with the thermal plasma model.
More complex models, such as two-temperature mekal or mekal + power law models could also improve the X,,-For instance, the spectrum of XMMU J180407.4-242226 clearly requires a 2-T thermal model. However, we caution that the quality of our spectra is usually not sufficient to distinguish a very hot (kT ,,-a few keV) multi-temperature thermal plasma emission from a power law spectrum. the properties of this second component are not well constrained by the data. We note that the best fit model yields NH = 0.50 1022 cm -2 which is significantly larger than the value of the interstellar column density 0.15+i°4 s 10 _2 cm -2 derived by Diplas & Savage (1994) (1997) suggested that this star could be an SB2 binary. Provided that the interstellar column alone properly accounts for the low energy absorption, we find that the Lx/Lboj ratio yields no evidence for an excess X-ray emission attributable to a wind interaction in a colliding wind binary• If we assume that NH = NH,ISM ----0.171022cm -2 (see Sect 3.1 below) for the other sources, we find that most fits yield kT of a few keV. Note that the spectrum of SCB 731
If we correct for the entire (i.e. fitted) column density, we obtain a corrected intrinsic flux that would be about 7 times larger (although a proper wind absorption model, accounting for the ionization of the wind material would be required, see e.g. Waldron et al. 1998 ).
( Fig. 4) corresponds to the X-ray emission during the flare event, the contribution of the quiescent time intervals to the spectrum being essentially negligible•
The nature of the X-ray sources in NGC 6530
We have plotted the X-ray sources with a single optical counterpart in a (B -V,V) colour-magnitude diagram (Fig. 5) . For this purpose, we adopted < E(B -V) >= 0.30, However, Sung et al. (2000) caution that the proper motion study might be problematic since low membership probabilities were assigned to some early-type stars. In their study, Sung et al. therefore favour purely photometric criteria.
Apart from a group of rather bright (V < 12) stars that are probably either early-type OB stars, Herbig Ae/Be stars (see below) or foreground objects, we find a group of objects ly- suggested by Sung et al. (2000) instead. Three of these objects display Ha emission and are classified as PMS stars (Sung et al. 2000) . It seems therefore very likely that this family of Xray sources corresponds to intermediateand low-mass PMS objects. Table 4 and assuming a distance modulus of 11.25. For those sources for which we were not able to perform a spectral fit, we have converted the observed count rates into unabsorbed fluxes assuming a thermal plasma model with kT = 2keV, an interstellar column density of NH = 5.8 1021E(B -V) = 0.17 1022cm -2 (Bohlin et al. 1978 ) and DM = 11.25. Note that kT --2keV is in better agreement with the mean temperature inferred from our spectral fits than the 'usual' kT = I keV. Adopting kT = I keV instead of 2 keV would reduce the luminosities by a factor 0.56
A popu/ation
The unabsorbed X-ray luminosities of the brightest sources are found to cluster around a few times 1031 erg s -1, as expected for quiescent PMS stars (Neuh/iuser 1997). The strong flare that we observe in the light curve of SCB 731 provides further evidence that at least some of these sources are related to PMS stars. (1997) . Bottom: unabsorbed X-ray luminosity (in the energy range 0.2 -5.0keV) as a function of the observed V magnitude. The MOS count rates were convened into luminosities assuming a 2 keV thermal plasma model, a uniform interstellar column density of Nn = 0.1710_cm-_ and a distance of 1.8kpc, except for the sources for which a detailed spectral fit is available. For these sources (symbols surrounded by an open circle) we used the flux from the actual fit. The luminosity of 9 Sgr is taken from Rauw et al. (2002) . The dashed lines yield different values of log (Lx/Lbot) (indicated by the labels) corresponding to main sequence stars of magnitude V in NGC 6530.
In summary, among the objects with an intrinsic luminosity exceeding 1031 ergs -1 and having a single optical counterpart, there are 49 X-ray sources with an optical counterpart fainter than 12th magnitude and we suggest that most of these objects are good candidates for T Tauri stars. The fact that only a few X-ray selected PMS candidates display an Ha emission is in agreement with the suggestion that weak-line T Tauri stars are intrinsically X-ray brighter than the classical T Tauri stars (Stelzer & Neuh_iuser 2001) . 
Early-type stars

The Hourglass Region
Our EPIC data also unveil X-ray emission from the Hourglass by a circumstellar disk that suffers photoevaporation by the radiation from Herschel 36, similar to the so-called proplyds in the Orion Nebula (Stecklum et al. 1998 ). Herschel 36 is probably a massive YSO that is more evolved than the exciting stars of ultra-compact HII regions. In fact, Stecklum et al. (1995) reported infrared and HST Ha images that reveal an elongated jet-like structure associated with H36 orientated roughly perpendicular to the elongated dust structure around the star that could be indicative of a circumstellar disk. Woodward et al. (1986) proposed a 'blister' scenario of the star formation in the HG where the massive star H 36 formed near the edge of the molecular cloud. This picture is also supported by the results of Chakraborty & Anandarao (1997 . These authors studied the kinematics of the HG and found the H ll bubble around H 36 to be expanding which suggests that the ionization front is still destroying the surrounding molecular cloud and pressure equilibrium has not yet been reached. In addition, these authors reported high velocity flows to the south of H 36 that indicate a Champagne flow.
The EPIC soft-band image of the HG region ( Table 2 ).
created by the wind of Herschel 36. In particular, we find no correlation between the soft X-ray emission and the embedded IR sources discussed by Woodward et al. (1990) . While the X-ray emission peaks around the position of H 36, it presents also an enhancement towards the south-east of H 36 (roughly coincident with the southern lobe of the optical HG nebula). et al. (1986) found that the electron density (4000cm -3) on the eastern side of the ionized cavity is about ten times larger than the electron density on the western side (see their Fig. 15 ). Therefore, we find that the X-ray emission is enhanced over the higher density part of the HG region.
Woodward
We have extracted EPIC-MOS spectra of the Hourglass in the energy range 0.2 -1.2 keV and fitted them simultaneously with the ROSAT-PSPC spectrum extracted from observation rp900374n00. The source counts were extracted over an elliptical area designed to avoid contamination from neighbouring sources.
The background-corrected spectra can be ab6ut one fourth of the total X-ray luminosity of the HG region.
Although we cannot completely rule out that the shape of the contours in Fig. 6 1989 , Prinja et al. 1990 ). This yields a kinetic luminosity of the star (Lwind = 1/21Viva) of 6.7 1035 ergs -1. For simplicity, we assume that the ambient density is constant at the higher value derived by Woodward et al. (1986) with ne = 4000cm -3.
Adopting an expansion velocity of the HG of ,--10kms -1 (Chakraborty & Anandarao 1997 and an angular radius of the cavity in the molecular cloud of about 25" (corresponding to 0.2 pc at a distance of 1.78 kpc), we infer a dynamical age of about 20000 yrs.
From these values, we derive the theoretical properties of the bubble surrounding H 36. The central temperature of the bubble should be _ 5 106 K (i.e. kT _ 0.44 keV), the predicted radius is 0.4 pc and the expected X-ray luminosity amounts to Lx '_ 1035 ergs -1.
We note that the predicted radius is larger than the observed radius. However, the discrepancy is less pronounced than for some other cases in the literature (e.g. Naz6 et al. 2001 and references therein). The most outstanding discrepancy between the model and our observations of the HG region concerns the expected X-ray luminosity which is more than a factor 175 larger than the observed one. Part of this discrepancy may be due to our estimate of the kinetic luminosity of the wind of H 36. For instance, Stecklum et al. (1998) noted that the IUE spectra of H 36 are similar to those of 01 Ori C (HD 37022) and suggested hence that H 36 is close to the ZAMS and has a less developed wind than a typical 07 main sequence star. Assuming a mass-loss rate four times lower and a wind velocity half the values used above, the discrepancy would be reduced to a factor ,-_ 12. Note however that Leitherer (1988) derived 1VI= 7.610-7 M® yr -1 and voo = 1650kms -1 for 81 OriC which yields about the same value of the kinetic luminosity than derived hereabove. Another parameter that might account for some of the discrepancy is the density of the ambient medium. We have adopted a rather large value which should be appropriate for the molecular cloud. However, in the blister scenario, part of the bubble expands into the much lower density intercloud medium and the X-ray luminosity of the bubble around H 36 may be set by the density of the latter.
Could the stellar wind of Herschel 36 (07 V) account for the X-ray luminosity of a wind-blown bubble? The theory of these bubbles has been considered by Castor et al. (1975) and Weaver et al. (1977) , with further additions by Mac Low & McCray (1988) and Chu et al. (1995) amongst others.
The stellar wind sweeps up a dense shell of material, but within the shell there will be a region of hot shocked gas (see e.g. Strickland & Stevens 1999 for a schematic view of the structure of a wind-blown bubble). Within the framework of this theory, the parameters of the bubble depend upon the wind luminosity of the star, the density of the ambient medium and the age of the bubble (see e.g. Chu et al. 1995) .
To derive an order of magnitude estimate, we adopt
Tea" = 39000K and log(Lbol/L®) = 5.31 for H36. From these parameters, we expect a mass-loss rate _I = 410 -7M oyr -1 and a terminal wind velocity
Although the theoretical values are way above the observed X-ray luminosity, we conclude that the kinetic luminosity of the stellar wind of Herschel 36 is most probably sufficient to account for the existence of a wind-blown bubble.
Summary and conclusions
Our XMM-Newton observation of the Lagoon Nebula (M 8) reveals a cluster of rather faint point-like X-ray sources in addition to the bright 04 star 9Sgr. We have shown that most of these sources have optical counterparts inside the very young open cluster NGC6530. We suggest that an important fraction of these sources are associated with low-mass pre-main sequence stars (most probably weak-line T Tauri stars) which were not previously identified as PMS objects because of the lack of strong Ha emission. Sung et al. (2000) estimated that the detection efficiency from a Howarth, I.D., Siebert, K.W., Hussain, G.A.J., & Prinja. R.K. 1997, MNRAS, 284, 265 
